DISCUSSION

4.1. Overview of Findings

The issue of excessive flightcrew fatigue, as a result of trip exposure. has
been a primary concern of the aviation community for a long time, but there has
been little tangible evidence with which to confirm or deny the extent or
operational significance of fatigue associated with duty-cycle exposure. We have
discussed how laboratory studies have been of little use to those interested in
aviation safety because of the difficulty of generalizing laboratory performance
measures to the task of operating a complex aircraft. Thus, the operational
significance issue was a pivotal part of this investigation.

This study examined the performance of 20 volunteer twin-jet transport
crews in a full-mission simulator scenario that included many aspects of an actual
line operation. The scenario involved both routine flight operations and an
unexpected hydraulic failure complicated by weather problems that resulted in a
high level of crew workload. Approximately half of the crews flew the simulation
within two to three hr after completing a three-day, high-density, short-haul duty
cycle. The other half flew the scenario after an average of three days off duty.
The high-density duty cycles that were the focus of this investigation averaged
eight hr of on-duty time per day and five takeoffs and landings, with at least one
day (usually the last) averaging close to thirteen hr of duty and eight takeoffs
and landings. These figures do not include the time associated with flying the
simulated flight, and if these numbers are included, the last duty day for Post-
Duty crews approached sixteen hr and nine takeoffs and landings.

The results of the study revealed that, as expected, Post-Duty crews were
significantly more 'fatigued" than Pre-Duty crews. The former averaged less
sleep and reported higher levels of fatigue than the latter. However, results on the
crew performance measures indicated that this level of fatigue did not affect the
performance of flightcrews in any operationally significant manner. As has been
shown, the performance of Post-Duty crews was actually better than the
performance of Pre-Duty crews on a number of dimensions relevant to flight
safety. Post-Duty crews were rated as performing better by an expert observer
on many significant dimensions, and although there were many measures that did
not discriminate between the two groups, there were no cases where the
performance of Pre-Duty crews was rated as superior. Post-Duty crews flew
more stable approaches, and they tended to make fewer significant operational
errors than did Pre-Duty crews.

To some, this very consistent pattern of results may seem paradoxical.
However, it is important to note when considering how crews are usually assigned
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to flight duties. that there is a substantive difference between crews at the
beginning of rhe duty cycle and crews at the end of a trip. regardless of the
fatigue factor. After three days of flying with another crewmember. one knows a
considerable amount about his or her operating characteristics, personality. and
communication stvle. For example. copilots learn when and how an aircraft
commander or captain likes to be assisted. Captains become familiar with the
tendencies of their subordinates--how they supply information, and how best to
elicit their input. Obviously, there is wide variation in human interaction, and
the more individuals learn about their coworkers, the better they are able to
tailor their behavior to the needs of a particular interaction.

In an effort to control for this familiarity factor, some crews were assigned to
conditions differentially. In some cases, Post-Duty or tired crewmembers from
different trips were assigned as a simulation crew, so they had not necessarily
flown together recently. Likewise, Pre-Duty or rested crews were assigned to the
simulation from the ranks of individuals who had just finished a trip together,
but had been off-duty for three days. All of the data were then reanalyzed based
on who had flown together on the most recent duty cycle or not (independent of
the fatigue factor), and a very striking pattern of results emerged--the
performance differences became stronger. It is readily apparent that crews in
which the two pilots had flown together on the preceding duty cycle made
significantly fewer errors than crews who had not, particularly the more serious
types of errors--the Type II and Type III errors. This same pattern was evident
for all of the other measures in these reanalyses, and they too exhibited larger
performance differences. Recent operating experience appears to be a strong
influence on crew performance and may have served as a countermeasure to the
levels of fatigue present in Post-Duty crewmembers.

Examination of the flightcrew communication patterns in this study, as
manifestations of the crew coordination process, suggests that this dimension is at
least partially responsible for the performance differences. Crews that had flown
together communicated significantly more overall, and these differences were in
logical directions when compared with the significant performance variations. As
in the Foushee and Manos (1981) study which found commands associated with
better performance, captains in crews that had flown together issued more
commands, but so did copilots (even though the frequency of copilot commands
was relatively low). This finding may reflect a better understanding and division
of responsibility between familiar crewmembers. There were more suggestions
made in crews that had flown together, and more statements of intent by each
crewmember, also indicating more willingness to exchange information.

Another replication of the Foushee and Manos findings revealed
acknowledgements associated with better performance. There were many more
acknowledgements of communications by both captains and first officers who had
flown together. Foushee and Manos suggested that acknowledgements serve to
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reinforce the communications process, and the same phenomenon appears to have
played a role in this study. It is particularly interesting that more disagreement
was exhibited by first officers who had flown with the same captain during the
preceding three days. This suggests that increased familiarity mayv be a partial
cure for the frequently problematic hesitancy of subordinates to question the
actions of captains.

There was significantly more non-task-related communication in crews that
had not flown together, which may well indicate that they spent more time
attempting to get to know each other. There was also significantly more tension
release among crews who had not previously flown together. Also interesting was
the presence of more frustration among captains who had not flown with the
same copilot during the preceding duty cycle.

4.2. Operational Significance

It is the consistency of these results that is particularly striking. Duty-cycle
exposure had no apparent effect on any of the parameters associated with flight
safety. It is also interesting to note that the positive effects on crew coordination
of some unknown amount of recent operating experience can be an effective
countermeasure to the levels of fatigue associated with the duty cycles examined
in this study. Whereas fatigue tends to be more prevalent during the later stages
of a given duty cycle, crew coordination may be better as well because of the
increased familiarity of crewmembers.

One of the obvious limitations of this study is that we are unable to closely
examine the interaction of fatigue and crew familiarity. For example, it would be
enlightening to look at the performance of tired crews who are familiar with each
other versus those who are not and to repeat these comparisons for rested crews.
Such an analysis could yield important insights into the effectiveness of crew
familiarity as a countermeasure. Unfortunately, the sample only included one
'fatigued" crews that had not flown together, while only two of the "rested" crews
had flown together, and the restricted amount of data precluded these analyses.

Another limitation is related to the fact that we cannot determine from these
data the amount or degree of familiarity necessary to produce a desired level of
crew coordination. We can say with a fair amount of confidence that the recency
of crew familiarity seems to be the key component, rather than the absolute
amount. Most of the crews that had not flown together (as operationalized in
these analyses) did know each other, and had flown together at some point in the
past, but not within the last two or three months. Despite these rather
compelling results, it would be a mistake to suggest a policy establishing the
creation of relatively permanent crew assignments based on these data. There
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may be negative aspects associated with flying with the same person over a long
period of time, such as complacency. boredom. and so on. It could well be that
continued pairing of the same individuals would ultimately lead to a reversal of
this pattern--worse performance associated with increased familiarity.
Unfortunately. no research presently exists to substantiate this possibility
(although the operational community generally believes this to be true), and it is
not known how much familiarity might lead to this reversal.

It is interesting to speculate about the differences between this study and
other research efforts that have demonstrated performance deficits associated
with fatigue. It has been suggested (see Holding, 1983, for a review) that fatigue
causes more minor types of errors because of its deleterious effect on the
attentional process. This line of reasoning suggests that fatigue lowers attentional
capacity, and the cumulative effect of lower attentional capacity coupled with
low motivation on "less exciting" tasks tends to produce more error. It is arguable
that since these non-engaging types of tasks tend to be of limited significance,
any apparent performance deficits might be characterized minor, for the most
part. However, this study provided no real support for this notion. There was a
slightly larger number of Type I (minor) errors committed by Post-Duty crews,
but the difference was not statistically reliable. Nevertheless, this remains a
credible hypothesis considering the fact that traditional studies of fatigue effects
have utilized performance measures that are not necessarily operationally
significant.

The performance environment in this investigation was different from that
found in traditional studies, and the high levels of realism and workload
associated with segments of the simulation scenario no doubt produced average
arousal levels greater than those typically found in lower fidelity studies
measuring psychomotor effects. The high levels of crew workload associated with
the operational problems faced by crews in this study demanded close attention,
produced high motivation, and probably reduced boredom to a2 minimum. Since
the subjects in this investigation were highly skilled, professional pilots
performing identical tasks to those they perform in the real world, it is safe to
assume that the motivation to perform well was quite high. This is in striking
contrast to the boredom and lack of motivation often associated with classic,
psychomotor measures such as reaction times. Thus it appears that arousal may
be a key moderator of fatigue effects. Optimal levels of arousal appear to be
harder to maintain when the operator is fatigued, but task demands may override
this difficulty to some unknown extent. However, when task demands are low,
the effects of fatigue may be manifested in performance deterioration more often.
There is fairly convincing evidence that monitoring and vigilance during boring
tasks is substantially degraded when the operator is fatigued (e.g., Holding,
1983).

If arousal does prove to be a key moderator of fatigue effects, it poses
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something of a complex puzzle for researchers interested in the implications of the
fatigue-performance relationship for flight safety. On one hand, during low
workload segments of flight, we might expect the effects of fatigue to be
apparent, since low task demands produce low arousal. Thus, we can expect
reduced performance when fatigue reaches some significant level, but since task
demands are low (and the effects of performance decrements likely to be minor) it
is reasonable to suggest that the effects of fatigue often may not be operationally
significant. On the other hand, when task demands are high and if arousal does
effectively counteract the effect of duty cycle exposure, then performance may
not be affected (as in the present study). Periods of high task demand are
precisely the times when good performance is most important, and performance
parameters during these periods are usually the primary concern of aviation
safety specialists. Again, one is drawn to the conclusion that fatigue may be
present, but that its effects are not necessarily operationally significant. The
problem with this line of reasoning is that occasionally minor attentional or
performance lapses during periods of low task demand can precipitate a sequence
of events leading to a serious incident or accident, as we have seen in the past.
There was no evidence that fatigue produced such a sequence in this study, but
the crew coordination process did appear to play a key role in eliminating the
progression of a minor errors into major problems. As we have sought to
demonstrate, coordination appeared to be better in short-haul crews at the end of
the duty-cycle when they were presumably experiencing the highest cumulative
effect of fatigue. These results clearly suggest that the system contains a "built-
in" countermeasure, of sorts.

4.8. Implications for Long- Haul Operations

Despite the fact that these results are probably representative of the typical
short-haul operation, it is not known whether the same phenomenon will be
prevalent in long-haul, transmeridian operations or at higher levels of fatigue.
While it is clear that the levels of fatigue associated with these short-haul duty
cycles produced numerous psychological and physiological effects (see Gander et
al., 1986), it is possible that these levels were not great enough to cause severe
performance difficulties, as these results suggest. However, at some point, the
level of fatigue or circadian dysrhythmia may well subsume the compensatory
advantages of arousal or a well-coordinated crew operation. Long-haul flight
operations, with longer duty days and other complications associated with time-
zone shifts, may well produce more drastic effects. Another feature that
distinguishes long- from short-haul operations is the predominance of extended
stretches of low-workload cruise segments, in which arousal levels are no doubt
lower, over longer periods of time, than in short-haul operations.

Moreover, too much crew familiarity, as in some long-haul operations where
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duty cycles can last 10 days or more, may lead to levels of complacency at which
adverse effects on performance begin to manifest themselves. Such a
phenomenon is particularly characteristic of groups in which too much cohesion
or trust has developed, because of a reduced tendency to monitor or criticize the
performance of others (Janis, 1972). There are presently no data with which to
answer these questions. Plans are underway for further high-fidelity simulation
work that may shed light on these issues.
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APPENDIX A
SHORT-HAUL SIMULATOR STUDY OBSERVER RATING FORM (v.5)

Condition Pilot Flying (Capt/F0)
Capt. ID F/0 ID Observer
Use the following ratings for all categories:
1 - below average
2 - slightly below average
3 -~ average
4 - slightly above average
5 - above average
n/a - not observed or not applicable
PREFLIGHT
Captain First Officer Notes
Crew Coordination/Communications 1234 5n/a 12345n/a
ATC/Company Communications 12345n/a 123465 n/a
Plan. & Sit. Awareness 12345n/a 123465n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handl ing 12345n/a 12345n/a
Overal!l Performance & Execution 12345n/a 12345n/a
TAXI/TAKEOFF
Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345n/a
ATC/Company Communications 123485n/a 12345n/a
Plan. & Sit. Awareness (mach trim) 1 23 45 n/a 12345 n/a
Plan. & Sit. Awareness (T/0 alt.) 123 45n/a 12345 n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/s
PA & PAX Handling 12345n/a 12345n/a
Aircraft Handling 12345n/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a
CCIMB
Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345n/a
ATC/Company Communications 12345n/a 12345n/a
Plan. & Sit. Awareness (T-storm) 123 45n/a 12345 n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 123465n/a
Aircraft Handling 12345n/a 12345n/a
Overall Performance & Execution 12345n/a 123465n/a
CRUISE
Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345 n/a
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ATC/Company Communications 12345n/a 12345n/a
Plan. & Sit. Awareness 12345n/a 12345n/a
Procedures, Checklists, Caliouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 12345n/a
Aircraft Handling 12345nf/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a
APPROACH & MISSED APPROACH

Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345n/a
ATC Company Communications 12345n/a 12345n/a
Plan. & Sit. Awareness 12345n/a 12345n/s
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 12345n/a
Stress Management (missed appr.) 123 45n/a 12345n/a
Aircraft Handling 12345nf/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a
EMERGENCY PROCEDURE--SYSTEM A HYDRAULIC FATCURE

Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345n/a

- ATC/Company Communications 12345n/a 12345n/s

Ptan. & Sit. Awareness 12345n/a 12345n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 12345n/a
Stress Management 12345n/a 12345n/a
Aircraft Handling 12345n/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a
CRUISE TO ALTERNATE

Captain First Officer Notes
Crew Coordination/Communications 123 45n/a 12345n/a
ATC/Company Communications 12345n/a 12345n/a
Plan. & Sit. Awareness 12345n/a 12345n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 12345n/a
Stress Management 12345n/a 12345n/s
Aircraft Handling 12345n/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a
APPROACH & LANDING

Captain First Officer Notes
Crew Coordination/Communications 123 45n/s 12345n/s
ATC/Company Communications 12345n/a 12345n/a
Plan. & Sit. Awareness 12345n/a 12345n/a
Procedures, Checklists, Callouts 123 45n/a 12345n/a
PA & PAX Handling 12345n/a 12345n/a
Stress Management 12345n/a 12345n/a
Aircraft Handling 12345n/a 12345n/a
Overall Performance & Execution 12345n/a 12345n/a



GENERAL COMMENTS (briefly summarize your impressions of this crew)

ERRORS (list in detail all errors committed by the crew during this session)
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Condition

Capt. ID

APPENDIX B

CHECK PILOT OBSERVER OVERALL RATING FORM (Captain forms)

Pilot Flying

- - - ——- - - - - - - -

FG ID Rater

Use the following ratings:

below average

slightly below average
average

slightly above average

1
2
3
4
5 = above average

For each item, circle the rating that best describes the captain.

1.

Overall knowledge of aircraft and procedures.
1 2 3 4 5
Overall technical proficiency.

1 2 3 4 5

Overall smoothness (flying pilot only)
1 2 3 4 5

Crew coordination and internal communication (intentions are clear
to all crew members, proper callouts made, etc.).

1 2 3 4 5
External communication (ATC instructions verified, properly monitored,
) 2 3 4 5
Overall motivation
1 2 3 4 5
Command ability

1 2 3 4 5
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8. Vigilance
1 2 3 4 5
9. Overall performance

1 2 3 4 5

* First Officer form was identical except that Item #7 was omitted.
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APPENDIX C

PILOT WORKLOAD RATING FORM

Pilot Name Date
Position PF PNF (check one) ---c-ee---
1. Please circle the number which best corresponds to the overall level

of workload.

0 1 2 3 4 5 6
low high

2. Please rate your own performance on the simulated flight.

0 1 2 3 4 5 6
very poor very good
3. How much attention did this flight demand?
0 1 2 3 4 5 6
very little a great deal
4. How complex was the flight?
0 1 2 3 4 5 6

not at all very

§. How much time pressure did you feel during the flight?

0 1 2 3 4 5 6
none a great deal

6. How much mental effort did the flight require?

0 1 2 3 4 5 6
none a great deal

7. How busy were you?

0 1 2 3 4 5 6
not at all very
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8. How difficult was the flight?
0 1 2 3 4 5 6
easy difficult
9. How motivated were you to perform?
0 1 2 3 4 5 6

not at all very

10. How do you feel after the simulated flight?

0 1 2 3 4 5 6
fresh tired
0 1 2 3 4 5 6
relaxed tense
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APPENDIX D

PHYSICAL STATE DATA FORM

ID# Condition

Capt. or FO (circle one)

Please fill in the approximate times you went to sleep and when you awoke
for the previous fowr nights as best you can remember.

EST or EDT (circle one)

Time Asleep Time Awoke Total Nap Time Total Sleep Time

Last night (hrs/min) (hrs)
2 nights ago (hrs/min) (hrs)
3 nights ago (hras/min) (hrs)
4 nights ago (hrs/min) {hrs)
Rate your last night's sleep from least (1) to most (5)
Difficulty falling asleep? 12 3 4 5 Difficulty arising? 12345
Bow deep was your sleep? 12345 How rested you feel? 12 34 5
Please answer the following items about how you feel right now.
< z ,
E s .§ z & = 1. § full of pep 0 1 2 3 4
23 |a= |ES| 8« |85 | gouhy 0 1 2 3 4
active 0 1 2 3 4 happy 0 1 2 3 4
vigilant 0 1 2 3 4 jittery 0 1 2 3 4
annoyed 0 1 2 3 4 kind 4] 1 2 3 4
carefree 0 1 2 3 4 lively (1] 1 2 3 4
cheerful 0 1 2 3 4 pleasant 0 1 2 3 4
considerate 0 1 2 3 4 relaxed 0 1 2 3 4
defiant 0 1 2 3 4 forgettful 0 1 2 3 4
dependable 0 1 2 3 4 sluggish 0 1 2 3 4
sleepy 1] 1 2 3 4 tense 0 1 2 3 4
dult 0 1 2 3 4 clear thinking 0 1 2 3 4
efficient 0 1 2 3 4 tired 0 1 2 3 4
friendly 0 1 2 3 4 hard working 0 1 2 3 4

Place a mark on the line at the point which best corresponds to your
present state of alertness.

MOST ALERT

MOST DROWSY
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APPENDIX E

COMMUNICATION CATEGORIES

1) COMMAND: a specific assignment of responsibility by one group member to
another.

2) OBSERVATION: recognizing and/or noting a fact or occurrence relating to
the task.

3) SUGGESTION: recommendation for a specific course of action.

4) STATEMENT OF INTENT: announcement of an intended action by
speaker. Includes statements referring to present and future actions, but not to
previous actions.

5) INQUIRY: a request for factual information relating to the task. Not a
request for action.

6) AGREEMENT: a response in concurrence with a previous speech act; a posi-
tive evaluation of a prior speech act.

7) DISAGREEMENT: a response NOT in concurrence with a previous speech
act; a negative evaluation of a prior speech act.

8) ACKNOWLEDGEMENT: a) makes known that a prior speech act was
heard; b) does not supply additional information; c) does not evaluate a previ-
ous speech act.

9) ANSWER SUPPLYING INFORMATION: speech act supplying information
beyond mere agreement, disagreement, or acknowledgment.

10) RESPONSE UNCERTAINTY: statement indicating uncertainty or lack of
information with which to respond to a speech act.

11) TENSION RELEASE: laughter or humorous remark.

12) FRUSTRATION/ANGER/DERISIVE COMMENT: statement of displeas-
ure with self, other persons, or some aspect of the task; or a ridiculing remark.

13) EMBARRASSMENT: any comment apologizing for an incorrect response,
etc.
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14) REPEAT: restatement of a previous speech act without prompting.
15) CHECKLIST: prompts and replies to items on a checklist.

16) NON-TASK RELATED: any speech act referring to something other than
the present task.

17) NON-CODABLE: speech act which in unintelligible or unclassifiable with
respect to the present coding scheme.

18) ATC COMMUNICATION: any communication over the radio with ATC,
dispatch, "the company", etc.
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APPENDIX F

SAMPLE AIRCRAFT PERFORMANCE DATA

DATE AND TIM
AIRSPEED:
MAG. HEADING:
ENG. #1 EPR:
G/S_DEV

GEAR POS. :

#1 NAV FREQ.:

AIRSPEED:
MAG. HEADING:
ENG. #1 EPR:
G/S DEV

GEAR POS. :

#1 NAV FREG. :

D

AIRSPEED:
MAG. HEADING:
ENG. #1 EPR:
G/S_DEV

GEAR POS. :

#1 NAV FREGQ. :

DATE AND T1
AIRSPEED:
MAG. HEADING:
ENG. #1 EPR:
G/S_DEV

GEAR POS. :

#1 NAV FREQ.:

AIRSPEED:
MAG. HEADING:
. #1 EPR:
G/S _DEV

GEAR POS. :

#1 NAV FREGQG. :

AIRSPEED:
MAG. HEADINO.

*l NAV FREQ.

D

AIRSPEED:
MAG. HEADING:
ENG. #1 EPR:
G/S _DEV

GEAR POS. :

#1 NAV FREQ. :
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- =19Y84 20:. 44: 23
277. 03380 ALTITUDE: 19023 11
93. 70029 VERT. SPEED: ?79. 9
1. 812 VOR/LOC DEV: O 135
8. 0000000 FLAP DEGREES: 000
0. 00000 TIME SEC. . 68899.70
110400 #1 DME: 117

: - - . . I8
280. 26279 ALTITUDE: 19028. 15
48. 10063 VERT. SPEED: -922. 4
1. 5383 VOR/LOC DEV: 0.141%
8. 0000000 FLAP DEGREES: 0. 000
0. 00000 TIME SEC. : 68914, 70
110400 #1 DME: 102

: - - : i<
280. 84479 ALTITUDE: 18998. 43

91. 126039 VERT. SPEED: 81

1. 959 VOR/LOC DEV: 0. 052
8. 0000000 FLAP DEGREES: 0. 000
0. 00000 TIME SEC. : 68929. 70
110400 #1 DME: 83

T I7=-JUC=I984 20:3%5: 08
282. 92468 ALTITUDE: 18985. 18
S1.79150 VERT. SPEED: -127. 4
1. 5954 VOR/LOC DEV: 0. 053
8. 0000000 FLAP DEOREES: Q. 000
0: 00000 TIHE SEC. 68944, 70
110400 #i DME: &9

: - - : Tl
280. 86337 ALTITUDE: 19002. 85

B1. 90620 VERT. SPEED: 107.

1. 5954 VOR/LOC DEV: 0. 077
8. 0000000 FLAP DEGREES: 0. 000
0. 00000 TIME SEC. : 68959. 70
110400 #1 DME: 53
289. 85156 ALTITUDE: 18993. 17
S51. 97639 VERT. SPEED: -6.0
1. 929 VOR/LOC DEV: 0.113
8. 0000000 FLAP DEGREES: 0. 000
©. 60000 TIME SEC. - &B8974. 70
110400 #1 DME: 37

: - - : i)
286. 68330 ALTITUDE: 18996. 42
51. 92190 VERT, SPEED: 4.8
1. 930 VOR/LOC DEV: 0. 020
8. 0000000 FLAP DEOREES: 0. 000
0. 00000 TIME SEC. &8989, 70
114100 #1 DME: 971
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This study examined the performance of 20 volunteer twin-jet transport crews in a full-
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included both routine flight operations and an unexpected mechanical abnormality which resulted
in a high level of crew workload. Half of the crews flew the simulation within two to three
hours after completing a three-day, high-density, short-haul duty cycle (Post-Duty condition).
The other half of the crews flew the scenario after a minimum of three days off duty (Pre-Duty
condition).

The results of this study revealed that, not surprisingly, Post-Duty crews were signifi-
cantly more fatigued than Pre-Duty crews. However, a somewhat counter-intuitive pattern of
results emerged on the crew performance measures. In general, the performance of Post-Duty
crews was significantly better than the performance of Pre-Duty crews. Post-Duty crews were
rated as performing better by an expert observer on a number of dimensions relevant to flight
safety. Analyses of the flightcrew communication patterns revealed that Post-Duty crews commu-
nicated significantly more overall, suggesting, as has previous research, that communication is
a good predictor of overall crew performance.

Further analyses suggested that the primary cause of this pattern of results is the fact
that crewmembers usually have more operating experience together at the end of a trip, and that
this recent operating experience serves to facilitate crew coordination, which can be an effec-
tive countermeasure to the fatigue present at or near the end of a duty cycle. These results
have important aircrew training and aviation safety implications.
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